
SPECIFICATION 



PHASE DETECTOR CIRCUIT 



TECHNICAL FIELD 
The present invention relates to a phase detector circuit, and in particular, to a 
phase detector circuit used as a component of a phase-locked loop (PLL) circuit for 
extracting a clock from a random NRZ signal. 

BACKGROUND ART 

A phase detector circuit that is used for extracting a clock from a random NRZ 
(Non-Return-To-Zero) signal to recover the signal is required to have (1) a mechanism 
for preventing a significant loss of lock when consecutive identical digits (CIDs) included 
in the random NRZ signal are input and (2) a linearity of a phase to voltage conversion 
characteristic around phase-locked point. Here, the random NRZ signal is in the form of 
a pulse code in which a pulse width equals to a length of a code. The above-described 
requirement (1) is mainly intended for preventing a significant reduction in a bit error rate 
of the recovered signal, and the requirement (2) is mainly intended for realizing a high 
quality of the extracted clock. 

In order to address the requirement (1), that is, in order to prevent a significant 
loss of lock when the CIDs are input, the phase detector circuit often uses a method of not 
outputting any waveform when the CIDs are input. In order to address the requirement 
(2), that is, in order to assure the linearity of the phase to voltage conversion 
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characteristic around phase-locked point, it is required to maintain a limited pulse width 
of the output waveform of the phase detector circuit under phase-locked condition. 

FIG. 13 is a circuit diagram of a conventional phase detector circuit used for clock 
extraction and signal recovery. In FIG. 13, reference numeral 80 denotes a phase 
detector circuit, reference numerals 81 and 82 denote a pair of differential input terminals 
for the random NRZ signals, reference numerals 83 and 84 denote a pair of differential 
input terminals for the random NRZ signals that have the same pattern as those of the 
signals input to the terminals 81 and 82 and are delayed therefrom by 6 in phase, 
reference numerals 85 and 86 denotes a pair of differential input terminals for the random 
NRZ signals that are delayed from the signals input to the terminals 81 and 82 by T/2, 
which is a half of the period T of the signals input to the terminals 81 and 82, reference 
numerals 91 and 92 denote a pair of differential output terminals of the phase detector 
circuit 80, reference numerals 87 denotes a terminals of a high potential power supply 
(Vcc), reference numeral 88 denotes a terminal of a low potential power supply (G), 
reference numerals 93 (Rl) and 94 (R2) denote resistances, reference numerals 71 to 78 
denote bipolar transistors, and reference numerals 95 and 96 denote low current circuits. 
See the reference: N. Ishihara and Y. Akazawa, "A Monolithic 156 Mb/S Clock and Data 
recovery PLL Circuit Using the Sample-and-Hold Technique", IEEE J. Solid State 
Circuits, Vol. 29, pp. 1566-1571, Dec. 1994. 

FIG. 14 is a timing chart of a PLL circuit using the phase detector circuit 80 
shown in FIG. 13. As shown in FIG. 14(A), the random NRZ signals are input to the 
pair of the differential terminals 81 and 82 of the phase detector circuit 80, and as shown 
in FIG, 14(B), the random NRZ signals having the same pattern as shown in FIG. 14(A) 
and delayed by 0 in phase are input to the pair of the differential terminals 83 and 84. 



As a result, as shown in FIG. 14(C), signal having a pulse width a associated with the 
phase difference 6 are output from the pair of the output differential terminals 91 and 92 
of the PLL circuit 80. *In the PLL circuit circuit, a negative feedback is provided to 
attain the phase difference of 180 degrees, that is, to provide a delay of T/2, which is a 
half of the period of the random NRZ signal, and consequently, as shown in FIG. 14(C), 
the pulse width a at the pair of the output differential terminals 91 and 92 is reduced as 
the phase-locked state is approached. As shown in FIGS. 14(A) to 14(C), the phase 
detector circuit 80 cannot physically cope with a pulse width less than a predetermined 
value due to an effect of capacitance or the like, and thus cannot maintain the accuracy 
thereof. 

FIG. 15 shows a phase to voltage conversion characteristic of the conventional 
phase detector circuit 80. In FIG. 15, the vertical axis represents a DC voltage 
component at the pair of the differential terminals 91 and 92, and the horizontal axis 
represents the phase difference described above. As shown in FIG. 15, while the phase 
to voltage conversion characteristic is ideally represented by the dotted line, the linearity 
thereof is compromised in the phase detector circuit 80, which exhibits the characteristic 
with distortion. If such a phase detector circuit 80 having the linearity of the phase to 
voltage conversion characteristic compromised is used in the PLL circuit for clock 
extraction and signal recovery, the phase detector circuit 80 cannot accurately detect the 
phase difference, so that a time-base variation in the waveform, which is referred to as a 
jitter, appears in the clock extracted. 

As described above, there is a problem that the clock extracted from the PLL 
circuit using the phase detector circuit of poor linearity of the phase to voltage conversion 
characteristic is significantly inferior in the quality as a clock. 
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DISCLOSURE OF THE INVENTION 

Thus, the present invention is devised to solve the above problems, and an object 
of the present invention is to provide a phase detector circuit that prevents a significant 
loss of lock during input of CIDs and has a high linearity of a phase to voltage conversion 
characteristic around phase-locked point in an operation of comparing phases of random 
NRZ signals in a PLL circuit. 

A phase detector circuit according to this invention is a phase detector circuit that 
receives a random NRZ signal Vi(t) having a period of T and a signal Yi(t-.8T/2jl) having 
the same period and pattern as those of the signal Vi(t) and delayed from the signal Vi(t) 
by 0 in phase, and outputs a signal including a DC voltage component associated with a 
phase difference 6 between the two signals, characterized in that an output Vo(t) of the 
phase detector circuit is represented by: 

Vo(t)=(Vi(t)-Vi(t-T))xVi(t-6T/2jt), 
where the signal Vi(t-T) is delayed from the signal Vi(t) by the period T of the signal 
Vi(t). 

A phase detector circuit according to this invention is a phase detector circuit that 
outputs a signal including a DC voltage component associated with a phase difference 
between two input signals, characterized by comprising: a delay circuit for outputting a 
signal delayed by the time of T, which is equivalent to a period of an input random NRZ 
signal; a subtracter circuit for outputting a difference between the input random NRZ 
signal and the signal delayed by the delay circuit; and a multiplier circuit for outputting a 
product of another input random NRZ signal having the same pattern as that of the input 
random NRZ signal and the phase difference with respect thereto and an output of the 
subtracter circuit. 
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A phase detector circuit according to this invention is a phase detector circuit that 
outputs a signal including a DC voltage component associated with a phase difference 
between two input signals, characterized by comprising: a first multiplier circuit for 
outputting a product of one input random NRZ signal and another input random NRZ 
signal having the same pattern as that of the one signal and the phase difference with 
respect thereto; a delay circuit for outputting a signal delayed by the time of T, which is 
equivalent to a period of the input random NRZ signal; a second multiplier circuit, which 
is different from the first multiplier circuit, for outputting a product of the another input 
random NRZ signal and an output of the^delay circuit; and a subtracter circuit for 
outputting a difference between an output of the first multiplier circuit and an output of 
the second multiplier circuit. 

A phase detector circuit according to this invention is a phase detector circuit that 
outputs a signal including a DC voltage component associated with a phase difference 
between two input signals, characterized by comprising: a first voltage controlled delay 
circuit for outputting a delay applied to one input random NRZ signal by controlling the 
delay with a predetermined first signal; a subtracter circuit for outputting a difference 
between the one input random NRZ signal and a signal output from the first voltage 
controlled delay circuit; a multiplier circuit for outputting a product of another input 
random NRZ signal having the same period and pattern as those of the one input random 
NRZ signal and the phase difference with respect thereto and an output of the subtracter 
circuit; and a control circuit for controlling the first voltage controlled delay circuit, the 
control circuit further comprising: an oscillator circuit for outputting a clock signal 
having the same period as the period T of the one input random NRZ signal; a phase 
difference detection circuit for detecting a phase difference between the clock signal 
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output from the oscillator circuit and a predetermined second signal and outputting the 
phase difference; a low pass filter for extracting a low frequency component from a 
signal output from the phase difference detection circuit and outputting the low frequency 
component as the predetermined first signal; and a second voltage controlled delay circuit 
for controlling the delay applied to the signal output from the oscillator circuit by 
transmitting the predetermined second signal to the phase difference detection circuit 
according to the predetermined first signal output from the low pass filter. 

A phase detector circuit according to this invention is a phase detector circuit that 
outputs a signal including a DC voltage component associated with a phase difference 
between two input signals, characterized by comprising: a first latch circuit for sampling 
an input random NRZ signal at an input clock signal; a second latch circuit for sampling 
an output of the first latch circuit at the input clock signal; a subtracter circuit for 
outputting a difference between an output signal of the first latch circuit and an output 
signal of the second latch circuit; a delay circuit for outputting a signal delayed by the 
time of T, which is equivalent to a period of the input random NRZ signal; and a 
multiplier circuit for outputting a product of an output signal of the subtracter circuit and 
an output signal of the delay circuit. 

A phase detector circuit according to this invention is a phase detector circuit that 
outputs a signal including a DC voltage component associated with a phase difference 
between two input signals, characterized by comprising: a delay circuit for outputting a 
signal delayed by the time of (T-6T), which is a little shorter than the period T of one 
input random NRZ signal; a subtracter circuit for outputting a difference between the one 
input random NRZ signal and the signal delayed by the delay circuit; a multiplier circuit 
for outputting a product of another input random NRZ signal having the same pattern as 
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that of the one input random NRZ signal and the phase difference with respect thereto 
and an output of the subtracter circuit. 

A phase detector circuit according to this invention is a phase detector circuit that 
receives a random NRZ signal Vi(t) having a period of T and a signal Vi(t-6T/2jr) having 
the same period and pattern as those of the signal Vi(t) and delayed from the signal Vi(t) 
by 6 in phase, and outputs a signal including a DC voltage component associated with a 
phase difference 0 between the two signals, characterized in that an output Vo(t) of the 
phase detector circuit is represented by; 

Vo(t)=(Vi(t)- Vi(t-(T-6T)))x Vi(t-6T/2jt), 
where the signal Vi(t-(T-5T)) is delayed from the signal Vi(t) by the time of (T-6T), 
which is a little shorter than the period T of the signal Vi(t). 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of a phase detector circuit for a random NRZ signal 

according to a first embodiment of the present invention; 

FIG. 2 is a block diagram of a PLL circuit according to the first embodiment of 

this invention; 

FIG. 3 is a timing chart for the PLL circuit 30 according to the first embodiment 
of this invention; 

FIG. 4 is a block diagram of a phase detector circuit for a random NRZ signal 
according to a second embodiment of this invention; 

FIG. 5 is a timing chart for a phase detector circuit according to a third 
embodiment of this invention which uses a delay circuit having a delay time more than T, 
specifically, a delay time of (T+ST); 
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FIG. 6 is a block diagram of the phase detector circuit according to the third 
embodiment of this invention; 

FIG. 7 is a block diagram of a PLL circuit according to the third embodiment of 
this invention; 

FIG. 8 is a timing chart for the phase detector circuit according to the third 
embodiment of this invention under phase-locked condition; 

FIG. 9 is a block diagram of a phase detector circuit according to a fourth 
embodiment of this invention; 

FIG. 10 is a timing chart for the phase detector circuit according to the fourth 
embodiment of this invention under phase-locked condition; 

FIG. 11 is a block diagram of a phase detector circuit according to a fifth 
embodiment of this invention; 

FIG. 12 is a timing chart for the phase detector circuit according to the fifth 
embodiment of this invention under phase-locked condition; 

FIG. 13 is a circuit diagram of a conventional phase detector circuit used for clock 
extraction and signal recovery; 

FIG. 14 is a timing chart of a PLL circuit (PLL) using the phase detector circuit 80 
shown in FIG. 13; and 

FIG. 15 shows a phase to voltage conversion characteristic of the conventional 
phase detector circuit 80. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Now, embodiments of the present invention will be described in detail with 
reference to the drawings. 
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First Embodiment 

FIG. 1 is a block diagram of a phase detector circuit for a random NRZ signal 
according to a first embodiment of the present invention. In FIG. 1, reference numeral 
10 denotes a phase detector circuit of this invention, reference numeral 1 denotes an input 
terminal for the random NRZ signal, reference numeral 2 denotes a terminal to which the 
random NRZ signal having the same pattern as that of the signal input to the terminal 1 
and delayed therefrom by 0 in phase is input, reference numeral 11 denotes a delay 
circuit for delaying the random NRZ signal input to the terminal 1 by the time of T, 
which is equivalent to a period thereof, reference numeral 11a denotes an output terminal 
of the delay circuit 11, reference numeral 13 denotes a subtracter circuit for providing the 
difference between the signal input to the terminal 1 and the signal delayed by the time of 
T by the delay circuit 11, reference numeral 21 denotes a multiplier circuit for providing 
the product of the subtraction result 4 of the subtracter circuit 13 and the random NRZ 
signal input to the terminal 2, and reference numeral 3 denotes an output terminal of the 
multiplier circuit 21. 

As shown in FIG. 1, inputs are the random NRZ signals applied to the terminals 1 
and 2, which have the same pattern. However, the signals are different in phase, and a 
PLL circuit described later provides the negative feedback of the phase difference, 
thereby realizing the phase lock. 

FIG. 2 is a block diagram of the PLL circuit according to the first embodiment of 
this invention. Since a part in FIG. 2 assigned the same reference numeral as in FIG. 1 
is the same component, the description thereof will be omitted. In FIG. 2, reference 
numeral 30 denotes a PLL circuit of this invention, reference numeral 12 denotes a latch 
circuit for supplying a random NRZ signal to the input terminal 2 of the multiplier circuit, 
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the random NRZ signal having the same pattern as that of the random NRZ signal input 
to the terminal 1 and phase information on the signal output from the terminal 5 of a 
voltage controlled oscillator circuit 32 (described later), and a D-type flip flop or the. like 
is used as the latch circuit. Reference numeral 31 denotes a low-pass filter, which 
involves an integration term in the transfer function thereof by using a normal filter in 
combination with a charge pump and so on in order to enhance the capability of 
preventing significant loss of lock when the CIDs are input, which is one of the 
characteristics of the PLL circuit 30. Reference numeral 32 denotes a voltage controlled 
oscillator circuit capable of changing an oscillation frequency (output 5) according to the 
output voltage of the low-pass filter 31. 

FIG. 3 is a timing chart for the PLL circuit 30 according to the first embodiment 
of this invention. FIG. 3(A) represents the random NRZ signal input to the terminal 1, 
FIG. 3(B) represents the signal at the terminal 4 of the subtracter circuit 13, which is one 
of the input signals of the multiplier circuit 21, FIG. 3(C) represents the signal at the 
terminal 2 of the latch circuit 12, which is the other of the input signals of the multiplier 
circuit 21, and FIG. 3(D) represents the signal at the output terminal 3 of the multiplier 
circuit 13. 

As shown in FIGS. 3(A) to 3(D), according to the code transition of the random 
NRZ signal input to the terminal 1 (during code transition or during input of the CIDs), 
the output terminal 4 of the subtracter circuit 13 exhibits one of three states: a rise (state 
1); a fall (state -1); and a non-transition (state 0). This means that the circuit block 
consisting of the delay circuit 11 for delaying the random NRZ signal by the time 
equivalent to the period thereof and the subtracter circuit 13 serves as a code transition 
detection circuit A for the random NRZ signal input to the terminal 1. During code 
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transition, the code transition detection circuit A detects the rise (state 1) or fall (state -1). 
Thus, when the output signal of the code transition detection circuit A appearing at the 
terminal 4 and the random NRZ signal input to the terminal 2 are multiplied in the 
multiplier circuit 21, a pulse having a duty cycle corresponding to the phase difference 
between the random NRZ signals applied to the terminals 1 and 2 appears at the output 
terminal 3 of the multiplier circuit 21. The duty cycle does not depend on whether the 
random NRZ signals applied to the terminals 1 and 2 are in the state of the rise (state 1) 
or fall (state -1). The duty cycle constitutes the DC voltage component by the action of 
the low pass filter 31, and the phase lock function is realized through negative feedback. 

On the other hand, during input of the CIDs, because the code transition detection 
circuit A detects the non-transition (state 0), even if the output signal of the code 
transition detection circuit A appearing at the terminal 4 and the random NRZ signal 
input to the terminal 2 are multiplied in the multiplier circuit 21, no waveform appears at 
the output terminal 3 thereof. Thus, the low pass filter 31 receives no waveform and 
maintains the current state, so that the capability as the PLL circuit of preventing 
significant loss of lock, which is one of the characteristics of the phase detector circuit of 
this invention, can be realized. 

In the PLL circuit, a negative feedback is provided to attain the phase difference 
of 180 degrees, that is, to delay the random NRZ signal by T/2, which is a half of the 
period thereof, and consequently, as shown in FIG. 3, the duty cycle of the pulse 
appearing at the output terminal 3 of the multiplier circuit 21 approaches 50 % as the 
phase-locked state is approached. Thus, the distortion in the phase to voltage 
conversion characteristic of the conventional phase detector circuit 80 as shown in FIG. 
15 does not appear, and the high linearity of the phase to voltage conversion 
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characteristic around phase-locked point, which is another characteristic of the phase 
detector circuit of this invention, can be realized. 

In the phase detector circuit 10 of this invention shown in FIG. 1, the input signals 
at the terminals 1 and 2 are represented by Vi(t) and Vi(t-0T/2ji), respectively. Here, 
reference symbol 0 represents the phase difference of the input signal at the terminal 2 
with respect to the signal at the terminal 1, and accordingly, the term 0T/2jc represents the 
time delay of the signal at the terminal 2 with respect to the input signal at the terminal 1. 
Since the output signal of the delay circuit 11 that delays the random NRZ signal input to 
the terminal 1 by T, which is equivalent to the period thereof, can be represented by 
Vi(t-T), a signal Vo(t) at the output terminal 3 of the multiplier circuit 21, which is the 
output of the phase detector circuit 10, can be represented by the formula: 

Vo(t)=(Vi(t)-Vi(t-T))xVi(t-0T/2jt) (1) 
Therefore, instead of the circuit configuration of the phase detector circuit 10 shown in 
FIG. 1, another circuit configuration that satisfies the formula (1) may be used. 

As described above, according to the first embodiment, the capability as the PLL 
circuit of preventing a significant loss of lock can be realized by using the phase detector 
circuit having a circuit configuration that satisfies the formula (1), for example, a circuit 
configuration as shown in FIG. 1. In addition, since the duty cycle of the pulse 
appearing at the output terminal 3 of the multiplier circuit 21 approaches 50% as the 
phase-locked state is approached, the distortion in the phase to voltage conversion 
characteristic does not appear, and the high linearity of the phase to voltage conversion 
characteristic around phase-locked point can be realized. 
Second Embodiment 
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FIG. 4 is a block diagram of a phase detector circuit for a random NRZ signal 
according to a second embodiment of this invention. Since a part in FIG. 4 assigned the 
same reference numeral as in FIG. 1 is the same component, the description thereof will 
be omitted. In FIG. 4, reference numeral 40 denotes a phase detector circuit of this 
invention, reference numeral 21a denotes a multiplier circuit for providing the product of 
the signal input to the terminal 1 and the signal input to the terminal 2, reference numeral 
21b denotes a multiplier circuit for providing the product of the signal input to the 
terminal 2 and the signal delayed by the time of T by the delay circuit 11, and reference 
numeral 13 denotes a subtracter circuit for providing the difference between the outputs 
of the multiplier circuits 21a and 21b. 

In the circuit configuration shown in FIG. 4, assuming that the input signals 
applied to the terminals 1 and 2 are represented by Vi(t) and Vi(t-8T/2jt), respectively, 
and considering that the output signal of the delay circuit 11 can be represented by 
Vi(t-T), the signal Vo(t) at the output terminal 3 of the subtracter circuit 13, which is the 
output of the phase detector circuit 40, can be represented by the formula: 

Vo(t)=Vi(t)xVi(t-9T/2jt)-Vi(t-T)xVi(t-6T/2jt) 

= (Vi(t)-Vi(t-T))xVi(t-eT/2jr)) (2) 
By comparison between the formulas (1) and (2), it can be confirmed that the circuit 
configurations shown in FIGs. 1 and 4 have the equivalent function. The circuit 
configuration shown in FIG. 1 is a minimal configuration for conducting the calculation 
described as the formula (1), and is advantageously suitable for miniaturization of the 
circuit and reduction of power consumption. On the other hand, the circuit 
configuration shown in FIG. 4 is superior in symmetry as a circuit and advantageously 
suitable for integration. 
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As described above, according to the second embodiment, by using the phase 
detector circuit having a circuit configuration that satisfies the formula (2), for example, a 
circuit configuration as shown in FIG. 4, the same function as in the first embodiment, 
the superior symmetry as a circuit, and the suitability for integration can be 
advantageously provided. 
Third Embodiment 

As for the phase detector circuit 10 shown in FIG. 1, the delay in the delay circuit 
11 is restricted to the time of T, which is the period of the random NRZ signal input to 
the terminal 1, and in such a case, the mechanism for preventing significant loss of lock 
when the CIDs signal are input, and the linearity of the phase to voltage conversion 
characteristic around phase-locked point can be realized. Here, if a circuit simply 
configured, such as a buffer circuit, is used as the delay circuit 11, the delay may be 
varied due to variation of power supply voltage, variation of temperature, and variation in 
production. 

FIG. 5 is a timing chart for a phase detector circuit according to the third 
embodiment of this invention which uses a delay circuit having a delay time more than T, 
specifically, a delay time of (T+5T). FIG. 5(A) represents the random NRZ signal input 
to the terminal 1, FIG. 5(B) represents the signal at the output terminal 11a of the delay 
circuit 11, FIG. 5(C) represents the signal at the output terminal 4 of the subtracter circuit 
13, which is one of the input signals of the multiplier circuit 21, FIG. 5(D) represents the 
signal at the other input terminal 2 of the multiplier circuit 21, and FIG. 5(E) represents 
the signal at the output terminal 3 of the multiplier circuit 21, which is the output signal 
of the phase detector circuit 10. 
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As shown in FIGS. 5(A) to 5(E), according to the code transition of the random 
NRZ signal input to the terminal 1 (during code transition or during input of the CIDs 
signal), the output terminal 4 of the subtracter circuit 13 exhibits one of three states: a rise 
(state 1); a fall (state -1); and a non-transition (state 0). However, due to the deviation 
in the delay time of 6T in the delay circuit 11, the state is incorrectly determined in the 
first 8T in the period following the period during which the code is changed at the 
terminal 1. Multiplication of this waveform and the random NRZ signal input to the 
terminal 2 in the multiplier circuit 21 results in a waveform at the terminal 3, the 
waveform having a duty cycle associated with the phase difference between the signals 
input to the terminals 1 and 2, in this waveform also, a behavior departing from the ideal 
one occurs in the first 5T in that period, which appears in the form of a waveform 
distortion depending on the input signal pattern. In this waveform, the average output 
level varies among the periods. For example, while in the first period, the high level 
and the low level continues for the same duration, the high level continues longer than the 
low level in the second period, therefore, as for the average values for the periods, the 
output level for the second period is higher than that for the first period. This means 
that the output level of the low pass filter 31 (FIG. 2) varies among the periods and 
fluctuates irregularly. As a result, the clock signal at the terminal 5 of the voltage 
controlled oscillator circuit 32 (FIG. 2) that receives the fluctuating signal exhibits a 
time-base variation, which is referred to as a jitter, in the waveform thereof, and the 
quality of the clock signal may be seriously degraded. 

As described above, in the configuration of the phase detector circuit 10 shown in 
FIG. 1, what is important is how to suppress the irregular distortion in the output 
waveform due to the variation of power supply voltage, variation of temperature, 
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variation in production and the like, and how to maintain the high quality of the clock 
signal extracted by the PLL circuit, specifically, a low jitter characteristic. 

The third embodiment of this invention aims to provide a phase detector circuit 
that implements the PLL circuit capable of extracting the high quality clock signal with a 
low jitter characteristic by realizing the mechanism for preventing the significant loss of 
lock when the CIDs signal are input, providing the high linearity of the phase to voltage 
conversion characteristic around phase-locked point, and suppressing the irregular 
distortion in the output waveform in the PLL circuit used for extracting the clock signal 
and recovering the signal from the random NRZ signal. 

FIG. 6 is a block diagram of the phase detector circuit according to the third 
embodiment of this invention. In FIG. 6, reference numeral 60 denotes a phase detector 
circuit according to the third embodiment of the present invention, reference numeral 1 
denotes an input terminal for the random NRZ signal having the period of T, reference 
numeral 2 denotes a terminal to which the random NRZ signal having the same pattern 
and period (T) as that of the signal input to the terminal 1 and delayed therefrom by 6 in 
phase is input, reference numeral 66 denotes a voltage controlled delay circuit (first 
voltage controlled delay circuit) for controlling the delay applied to the signal input to the 
terminal 1 with the signal at an output terminal 65a of a low pass filter 65 described later 
(a predetermined first signal), reference numeral 61 denotes a subtracter circuit for 
providing the difference between the signal input to the terminal 1 and the output signal 
of the voltage controlled delay circuit 66, reference numeral 62 denotes a multiplier 
circuit for providing the product of the subtraction result of the subtracter circuit 61 and 
the signal input to the terminal 2, and reference numeral 3 denotes an output terminal of 
the multiplier circuit 62, which is the output terminal of the phase detector circuit 60. 
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Reference numeral 63 denotes an oscillator circuit for oscillating the clock signal having 
the same period as the period (T) of the signal input to the terminal 1, and reference 
numeral 64 denotes a phase difference detection circuit for detecting the phase difference 
between the output clock signal of the oscillator circuit 63 and an output signal of a 
voltage controlled delay circuit 67 described later (a predetermined second signal), which 
may be a typical phase difference detection circuit that detects the phase difference 
between the two input clock signals. Reference numeral 65 denotes a low pass filter for 
extracting the low frequency component from the detection result of the phase difference 
detection circuit 64, and reference numeral 67 denotes a voltage controlled delay circuit 
(second voltage controlled delay circuit) for controlling the delay applied to the output 
clock signal of the oscillator circuit 63 with the signal at the output terminal 65a of the 
low pass filter 65. 

As shown in FIG. 6, inputs are the random NRZ signals applied to the terminals 1 
and 2, which have the same pattern. However, the signals are different in phase, and the 
PLL circuit described later provides the negative feedback of the phase difference, 
thereby realizing the phase lock. 

FIG. 7 is a block diagram of the PLL circuit according to the third embodiment of 
this invention. Since a part in FIG. 7 assigned the same reference numeral as in FIG. 2 
or 6 is the same component, the description thereof will be omitted. In FIG. 7, reference 
numeral 100 denotes a PLL circuit using a phase detector circuit of this invention, 
reference numeral 60 denotes a phase detector circuit of this invention, reference numeral 
12 denotes a latch circuit for supplying the random NRZ signal to the input terminal 2 of 
the multiplier circuit, the random NRZ signal having the same pattern as that of the 
random NRZ signal input to the terminal 1 and phase information on the clock signal 
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output from the terminal 5 of the voltage controlled oscillator circuit 32 (FIG. 2), and a 
D-type flip flop circuit or the like is used as the latch circuit. Reference numeral 31 
denotes a low-pass filter, which involves an integration term in the transfer function 
thereof by being combined with a charge pump and so on in order to enhance the 
capability of preventing significant loss of lock when the CIDs signal are input, which is 
one of the characteristics of the PLL circuit 100. Reference numeral 32 denotes a 
voltage controlled oscillator circuit capable of changing the oscillation frequency 
according to the output of the low-pass filter 31. 

FIG. 8 is a timing chart for the phase detector circuit according to the third 
embodiment of this invention under phase-locked condition. FIG. 8(A) represents the 
random NRZ signal input to the terminal 1, FIG. 8(B) represents the signal at the output 
terminal 66a of the voltage controlled delay circuit 66, FIG. 8(C) represents the signal at 
the output terminal 61a of the subtracter circuit 61, which is one of the input signals of 
the multiplier circuit 62, FIG. 8(D) represents the signal at the other input terminal 2 of 
the multiplier circuit 62, and FIG. 8(E) represents the signal at the output terminal 3 of 
the multiplier circuit 62, which is the output signal of the phase detector circuit 60. 

As shown in FIGS. 8(A) to 8(E), the signal at the terminal 66a has a waveform 
that is delayed exactly by the time of T, which is equivalent to the period of the random 
NRZ signal input to the terminal 1. This indicates that the circuitry composed of the 
oscillator circuit 63, the phase difference detection circuit 64, the low pass filter 65, and 
the voltage controlled delay circuits 66 and 67 functions as the ideal delay circuit B 
providing the delay of T exactly between the terminals 1 and 66a. This is realized under 
the conditions as follows: 



-19- 

(1) The period of the output clock signal of the oscillator circuit 63 is the same as 
the period T of the random NRZ signal input to the terminal 1; 

(2) The feedback circuit composed of the phase difference detection circuit 64, the 
low pass filter 65, the voltage controlled delay circuit 67 provides the negative feedback, 
and thereby the delay between the input and the output of the voltage controlled delay 
circuit 67 equals to the period of the output clock signal of the oscillator circuit 63 so that 
delay-locked condiction is realized; and 

(3) In the case where the voltage controlled delayed circuits 66 and 67 have 
exactly the same control characteristic through introduction of the circuit integration 
technique, the delay between the input and the output of the voltage controlled delay 
circuit 67 becomes the delay between the input and the output of the voltage controlled 
delay circuit 66 as it is. 

As described above, the delay between the input terminal 1 and the output 
terminal 66a of the voltage controlled delay circuit 66 is controlled indirectly by the 
negative feedback, so that it is not affected by the variation of power supply voltage, 
variation of temperature, variation in production or the like. The ideal delay precisely 
provides the time difference of T between the waveforms appearing at the two input 
terminals 1 and 66a of the subtracter circuit 61, the time difference T being equivalent to 
the period of these waveforms. Thus, the terminal 61a ideally exhibits the three states 
("state 1", "state -1", and "state 0") depending on the code transition of the random NRZ 
signal input to the terminal 1 (during code transition or during input of the CIDs), and the 
incorrect determination of state seen in FIG. 5(C) does not appear. Multiplication of the 
signal at the terminal 61a and the random NRZ signal input to the terminal 2 in the 
multiplier circuit 62 results in a pulse appearing at the terminal 3, the pulse having a duty 
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cycle associated with the phase difference between the random NRZ signals input to the 
terminals 1 and 2. This signal does not have the distortion seen in FIG. 5(E), and the 
average output levels for the respective periods are the same. This means that the output 
level of the low pass filter 31 does not irregularly vary, and accordingly, a jitter that 
would otherwise appear in the clock signal output from the voltage controlled oscillator 
circuit 32 can be suppressed, and the high quality of clock can be maintained. 

In addition, as shown in FIG. 8(E), the duty cycle at the output terminal 3 of the 
phase detector circuit 60 attains 50% around phase-locked point, which means that the 
high linearity of the phase to voltage conversion characteristic can be realized. On the 
other hand, no pulse appears during input of the CIDs signal, and the low pass filter 31 
receives no waveform and maintains the current state, so that the capability as the PLL 
circuit of preventing significant loss of lock can be realized. This has been described 
with reference to the first embodiment and the like. 

The phase detector circuit 60 according to the third embodiment is characterized 
in that it is the phase detector circuit 10 according to the first embodiment shown in FIG. 
1 having the delay circuit 11 thereof replaced with the ideal delay circuit B. Therefore, 
of course, it may have another circuit configuration that provides the ideal delay. 

In addition, it may be the phase detector circuit 40 according to the second 
embodiment shown in FIG. 4 having the delay circuit 11 thereof replaced with a circuit 
providing the ideal delay, for example, the ideal delay circuit B. 

As described above, according to the third embodiment, the PLL circuit capable of 
preventing a significant loss of lock during input of the CIDs included in the random 
NRZ signal can be realized by using the phase detector circuit having the circuit 
configuration as shown in FIG. 6. In addition, there is provided the high linearity of the 
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phase to voltage conversion characteristic around phase-locked point, and the distortion 
in the output waveform of the phase detector circuit can be suppressed by providing the 
ideal delay through the negative feedback control, so that the PLL circuit capable of 
extracting the high quality clock signal with the low jitter characteristic can be realized. 
Fourth Embodiment 

FIG. 9 is a block diagram of a phase detector circuit according to a fourth 
embodiment of this invention. In FIG. 9, reference numeral 110 denotes a phase 
detector circuit of this invention, reference numeral 1 denotes an input terminal for the 
random NRZ signal, reference numeral 118 denotes an input terminal for the clock signal, 
reference numeral 111 denotes a latch circuit (first latch circuit) for sampling the signal 
input to the terminal 1 at the clock signal input to the terminal 118, reference numeral 
112 denotes a latch circuit (second latch circuit) for sampling the output signal of the 
latch circuit 111 at the clock signal input to the terminal 118, and a D-type flip flop or the 
like is used as the latch circuits 111 and 112. Reference numeral 113 denotes a 
subtracter circuit for providing the difference between the output signal of the latch 
circuit 111 and the output signal of the latch circuit 112, reference numeral 115 denotes a 
delay circuit for delaying the random NRZ signal input to the terminal 1 by the time of T, 
which is equivalent to the period thereof, reference numeral 114 denotes a multiplier 
circuit for providing the product of the output signal of the subtracter circuit 113 (output 
terminal 113a) and the output signal of the delay circuit 115 (output terminal 115a), and 
reference numeral 3 denotes an output terminal of the multiplier circuit 114 and is also 
the output terminal of the phase detector circuit 110. 

As shown in FIG. 9, inputs are the random NRZ signal applied to the terminal 1 
and the clock signal applied to the terminal 118. The PLL circuit can realize the phase 
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lock through the negative feedback of the phase difference between the variation edge 
(rising or falling) of the random NRZ signal and the rising edge of the clock signal. 

The PLL circuit using the phase detector circuit 110 is the PLL circuit 100 
according to the third embodiment shown in FIG. 7 having the phase detector circuit 60 
and the latch circuit 12 thereof replaced with the phase detector circuit 110. 

FIG. 10 is a timing chart for the phase detector circuit according to the fourth 
embodiment of this invention under phase-locked condition. FIG. 10(A) represents the 
random NRZ signal input to the terminal 1, FIG. 10(B) represents the clock signal input 
to the terminal 118, FIG. 10(C) represents the signal at the output terminal 111a of the 
latch circuit 111, FIG. 10(D) represents the signal at the output terminal 112a of the latch 
circuit 112, FIG. 10(E) represents the signal at the output terminal 113a of the subtracter 
circuit 113, FIG. 10(F) represents the signal at the output terminal 115a of the delay 
circuit 115, and FIG. 10(G) represents the signal at the output terminal 3 of the multiplier 
circuit 114, which is the output signal of the phase detector circuit 110. 

As shown in FIGS. 10(A) to 10(G), the waveforms at the two input terminals 111a 
and 112a of the subtracter circuit 113 exhibit exactly the difference of T, which is 
equivalent to the period of these waveforms. This ideal delay is attributed to the fact 
that the latch circuits 111 and 112 that output these waveforms operate on the same clock 
signal input to the terminal 118, and therefore, it is not affected by the variation of power 
supply voltage, variation of temperature, variation in production or the like. The ideal 
delay realized enables the operation, in which a pulse having the duty cycle associated 
with the phase difference between the two signals appears in the output terminal 3 of the 
phase detector circuit 110 without any distortion during code transition and no pulse 
appears during input of the CIDs, to be realized as in the third embodiment. 
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Here, in the delay circuit 115 included in the phase detector circuit 110, the 
deviation of the delay time affects the phase difference under phase-locked condition 
between the random NRZ signal input to terminal 1 and the clock signal input to the 
terminal 118. However, unlike the case of the delay circuit 11 included in the phase 
detector circuit 10 according to the first embodiment, the deviation of the delay time does 
not degrade the quality of the clock signal extracted in the PLL circuit, that is, does not 
cause the jitter or the like. Thus, the delay circuit 115 may be implemented by not only 
a circuit such as the ideal delay circuit A shown in FIG. 6 but also a simple circuit such as 
a buffer circuit. 

As described above, according to the fourth embodiment, by using the phase 
detector circuit having the circuit configuration as shown in FIG. 9, there is provided the 
same advantage as in the third embodiment, that is, the advantage that the PLL circuit 
capable of preventing a significant loss of lock during input of the CIDs included in the 
random NRZ signal can be realized, the high linearity of the phase to voltage conversion 
characteristic around phase-locked point is provided, and the distortion in the output 
waveform of the phase detector circuit can be suppressed by providing the ideal delay 
using the two latch circuit, so that the PLL circuit capable of extracting the high quality 
clock signal with the low jitter characteristic can be realized. In addition, the fourth 
embodiment is advantageously more suitable for miniaturization of the circuit and 
reduction of power consumption than the first embodiment. 
Fifth Embodiment 

FIG. 11 is a block diagram of a phase detector circuit according to a fifth 
embodiment of this invention. In FIG. 11, reference numeral 120 denotes a phase 
detector circuit of this invention, reference numeral 1 denotes an input terminal for the 
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random NRZ signal, reference numeral 2 denotes an input terminal for the random NRZ 
signal having the same period and pattern as those of the signal input to the terminal 1 
and delayed by 0 in phase, reference numeral 121 denotes a delay circuit for outputting 
the signal delayed by the time of (T-6T), which is a little shorter than the period T of the 
random NRZ signal input to the terminal 1, reference numeral 61 denotes a subtracter 
circuit for providing the difference between the signal input to the terminal 1 and the 
output signal of the delay circuit 121 (output terminal 121a), reference numeral 62 
denotes a multiplier circuit for providing the product of the output signal of the subtracter 
circuit 61 (output terminal 61a) and the signal input to the terminal 2, and reference 
numeral 3 denotes an output terminal of the multiplier circuit 62 and is also the output 
terminal of the phase detector circuit 120. 

As shown in FIG. 11, inputs are the random NRZ signals applied to the terminals 
1 and 2, which have the same pattern. However, the signals are different in phase, and 
the PLL circuit provides the negative feedback of the phase difference, thereby realizing 
the phase lock. 

The PLL circuit using the phase detector circuit is the PLL circuit 100 according 
to the third embodiment shown in FIG. 7 having the phase detector circuit 60 thereof 
replaced with the phase detector circuit 120. 

FIG. 12 is a timing chart for the phase detector circuit according to the fifth 
embodiment of this invention under phase-locked condition. FIG. 12(A) represents the 
random NRZ signal input to the terminal 1, FIG. 12(B) represents the signal at the output 
terminal 121a of the delay circuit 121, FIG. 12(C) represents the signal at the output 
terminal 61a of the subtracter circuit 61, which is one of the input signals of the 
multiplier circuit 62, FIG. 12(D) represents the signal at the other input terminal 2 of the 
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multiplier circuit 62, FIG. 12(E) represents the signal at the output terminal 3 of the 
multiplier circuit 62, which is the output signal of the phase detector circuit 120. 

As shown in FIGS. 12(A) to 12(E), according to the code transition of the random 
NRZ signal input to the terminal 1 (during code transition or during input of the CIDs 
signal), the output terminal 61a exhibits one of three states ("state 1", "state -1", or "state 
0"). However, due to the deviation in the delay time of 5T in the delay circuit 121, the 
"state 0" is always attained in the last 8T in the period during which the code is changed 
at the terminal 1. Multiplication of this waveform and the random NRZ signal input to 
the terminal 2 in the multiplier circuit 61 results in a waveform at the terminal 3, the 
waveform having a duty cycle associated with the phase difference between the signals 
input to the terminals 1 and 2, in this waveform also, the waveform is distorted during the 
last 5T in the period. However, in this waveform, the average output levels are the same 
among the periods. This means that although the output signal of the phase detector 
circuit 120 is distorted, the distortion is not irregular, so that the output level of the low 
pass filter 31 of the PLL circuit does not fluctuate, as a result, the jitter in the clock signal 
output from the voltage controlled oscillator circuit 32 can be suppressed, and the high 
quality of the clock signal can be maintained. 

The result described above is provided when the delay in the delay circuit 121 is 
(T-5T), which is a little shorter than the period T, that is, in the case of 6T>0. The delay 
circuit 121 may be implemented by not only a circuit such as the ideal delay circuit B 
shown in FIG. 7 but also a simple circuit such as a buffer circuit. 

If the 6T is set to be sufficiently smaller than the period T, the pulse width of the 
waveform at the output terminal 3 of the phase detector circuit 120 is not so narrow as 
shown in FIG. 12(E), so that the high linearity of the phase to voltage conversion 
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characteristic can be assured. In addition, during input of the CIDs signal, any 
waveform is not output from the terminal 3, so that the capability of preventing a 
significant loss of lock can be realized by maintaining the current state as the PLL circuit. 

In the phase detector circuit 120 according to this invention shown in FIG. 11, the 
input signals applied to the terminals 1 and 2 are represented by Vi(t) and Vi(t-6T/2ji), 
respectively. Here, reference symbol 0 represents the phase difference of the signal at 
the terminal 2 with respect to the input signal at the terminal 1, and accordingly, the term 
6T/2jt represents the time delay of the signal at the terminal 2 with respect to the input 
signal at the terminal 1. Since the output signal of the delay circuit 121 that delays the 
random NRZ signal input to the terminal 1 by T-5T, which is a little shorter than the time 
T equivalent to the period thereof, can be represented by Vi(t-(T-5T)), the signal Vo(t) at 
the output terminal 3 of the multiplier circuit 62, which is the output of the phase detector 
circuit 120, can be represented by the formula (3): 

Vo(t)=(Vi(t)-Vi(t-(T-6T)))xVi(t-6T/27t) (3) 
Therefore, instead of the circuit configuration of the phase detector circuit 120 shown in 
FIG. 11, another circuit configuration that satisfies the formula (3) may be used. 

As described above, according to the fifth embodiment, by using the phase 
detector circuit having the circuit configuration as shown in FIG. 11, even if the delay is 
deviated due to the various variations, there is provided the same advantage as in the third 
or fourth embodiment, that is, the advantage that the PLL circuit capable of preventing a 
significant loss of lock during input of the CIDs included in the random NRZ signal can 
be realized, the high linearity of the phase to voltage conversion characteristic around 
phase-locked point is provided, and any irregular distortion does not appear in the output 
waveform of the phase detector circuit, so that the PLL circuit capable of extracting the 
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high quality clock signal with the low jitter characteristic can be realized. In addition, 
the fifth embodiment is advantageously suitable for miniaturization of the circuit and 
reduction of power consumption. 

The third embodiment to fifth embodiment are devised in view of the problem of 
how to suppress the distortion in the output waveform caused by the variation of the 
power supply voltage, variation of temperature, variation in production or the like in the 
phase detector circuit 10 according to the first embodiment shown in FIG. 1, in which, in 
order to solve the problem, the third embodiment and fourth embodiment involve 
suppressing the deviation of the delay caused by the above described variations in the 
delay circuit 11 included in the phase detector circuit 10 according to the first 
embodiment, and the fifth embodiment involves preventing the irregular distortion in the 
output waveform that degrade the quality of clock. 

As described above, with the phase detector circuit according to this invention, by 
using the circuit configuration as represented by the formula (1) (FIGs. 1, 6, and 9) or 
formula (2) (FIG. 4), the phase detector circuit that prevents a significant loss of lock 
during input of the CIDs and have a high linearity of the phase to voltage conversion 
characteristic around phase-locked point in the operation of comparing the phases of 
random NRZ signals in the PLL circuit. 

In addition, with the phase detector circuit according to this invention, by using 
the circuit configuration as represented by the formula (3) (FIG. 11), in the PLL circuit 
used for extracting a clock from the random NRZ signal and recovering the signal, the 
mechanism for preventing a significant loss of lock during input of the CIDs signal is 
realized, the high linearity of the phase to voltage conversion characteristic around 
phase-locked point is provided, and any irregular distortion in the output waveform is 
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suppressed, so that the PLL circuit capable of extracting the high quality clock signal 
with the low jitter characteristic can be provided. 

INDUSTRIAL APPLICABILITY 
As described above, the phase detector circuit according to this invention is useful 
as the phase detector circuit capable of preventing a significant loss of lock during input 
of the CIDs and having a high linearity of the phase to voltage conversion characteristic 
around phase-locked point in the operation of comparing the phases of random NRZ 
signals in the PLL circuit; In particular, it is appropriate as the phase detector circuit 
capable of implementing the mechanism for preventing a significant loss of lock during 
input of the CIDs signal, providing the high linearity of the phase to voltage conversion 
characteristic around phase-locked point, and suppressing any irregular distortion in the 
output waveform in the PLL circuit used for extracting a clock from the random NRZ 
signal and recovering the signal, thereby realizing the PLL circuit capable of extracting 
the high quality clock signal with the low jitter characteristic. 



